To determine the risk factors for elbow injury and its association with glenohumeral internal rotation deficit among young baseball players. Methods. 229 baseball players aged 9 to 14 (mean, 11) years completed a self-administered questionnaire with items related to years of playing baseball, hours of training per weekday, days of training per week, and past and present experience of elbow pain. Two orthopaedic surgeons measured the range of motion of both shoulders and elbows. Another 2 orthopaedic surgeons performed ultrasonography to detect any elbow abnormality such as fragmentation of the medial epicondylar apophysis and osteochondritis dissecans of the capitellum. Using univariate and multivariable analyses, participants with or without elbow abnormality were compared to determine the risk factors for elbow abnormality. Results. Elbow abnormality was detected in 100 of the participants and comprised osteochondritis dissecans of the capitellum (n=18) and fragmentation A clinical and ultrasonographic study of risk factors for elbow injury in young baseball players
of the medial epicondylar apophysis (n=82). Elbow abnormality was associated with being a pitcher, past and present experience of elbow pain, loss of elbow extension, and the side-to-side internal rotation difference. The 100 participants with elbow abnormality were stratified into symptomatic (n=57) or asymptomatic (n=43) of elbow pain. Those with elbow abnormality and elbow pain was associated with being a pitcher. Conclusion. Being a pitcher was a risk factor for both elbow abnormality and elbow pain. Nonetheless, 43% of baseball players with elbow abnormality were asymptomatic. The use of ultrasonography was effective in detecting elbow abnormality and enabling early treatment.
of the capitellum are the most common injuries sustained by overhead-throwing athletes, particularly baseball pitchers. These elbow injuries are caused by cumulative recurrent microtrauma and should be treated at the earliest opportunity. 1, 2 It is important to identify risk factors for these elbow injuries and prevent them from occurring in preadolescents. [3] [4] [5] Ultrasonography is effective in detecting these elbow injuries among young baseball players.
Glenohumeral internal rotation deficit (GIRD) is defined as loss in the degree of glenohumeral internal rotation of the throwing shoulder, compared with the non-throwing shoulder. 6 Pitchers with GIRD are at higher risk of shoulder injury. [6] [7] [8] The risk of GIRD increases in baseball players with elbow ulnar collateral ligament deficiency compared with healthy baseball players. 9 This study aimed to determine the risk factors for elbow injury and its association with GIRD among young baseball players.
Materials and Methods
This study was approved by the regional ethics board. Informed consent was obtained from each participant and his parents. In February 2013, 229 baseball players aged 9 to 14 (mean, 11) years with a mean height of 1.46 m and a mean weight of 39.3 kg were included.
Participants completed a self-administered questionnaire that included items related to age, height, weight, position played, hand dominance, years of playing baseball, hours of training per weekday, days of training per week, and past and present experience of elbow pain.
Two orthopaedic surgeons evaluated the range of motion of both shoulders and elbows. Participants were instructed not to pitch for at least 24 hours before the examination. 10 Glenohumeral internal and external rotation was measured with the participant placed supine and both scapulae stabilised and both arms abducted 90º in the plane of the scapula. One examiner stabilised the scapula and moved the forearm to the end range, and another examiner measured the range of motion using a goniometer. 7 Elbow range of motion was measured with the participant in a seated position. The shoulder was elevated 90º with the elbow in full extension and flexion and wrist in full supination. The fulcrum of the goniometer was positioned over the lateral epicondyle of the humerus with one arm of the device along the length of the humerus to the tip of the acromion process and the other arm along the length of the radius to the radial styloid process. 11 A pilot test was conducted to evaluate the intratester reliability of measurement of passive shoulder and elbow range of motion. The same examiner measured 10 healthy men on 2 occasions, 5 days apart. The intraclass correlation coefficient was 0.88 for shoulder external rotation, 0.84 for shoulder internal rotation, 0.97 for elbow extension, and 0.98 for elbow flexion.
Another 2 orthopaedic surgeons performed ultrasonography to detect any elbow abnormality. 2, 4, 5 Images were obtained using a multifrequency 13 MHz linear-array transducer (MyLabfive; Hitachi Medical Corp., Tokyo, Japan). Fragmentation of the medial epicondylar apophysis was defined as discontinuity of the medial epicondyle. 4 Osteochondritis dissecans of the capitellum was defined as irregularity of the subchondral bone of the capitellum. 12 Decision was made by consensus.
Univariate analysis of participants with or without elbow abnormality detected by ultrasonography, and multivariable logistic regression analysis for risk factors associated with elbow abnormality were performed. Another univariate analysis of 100 participants with elbow abnormality that was symptomatic or asymptomatic was performed. A p value of <0.05 was considered statistically significant.
results
Of the 229 young baseball players, 29 were pitchers, 24 were catchers, 88 were infielders, and 88 were outfielders. Elbow abnormality was detected in 100 participants and comprised osteochondritis dissecans of the capitellum (n=18) and fragmentation of the medial epicondylar apophysis (n=82) [ Fig.] .
In univariate analysis, elbow abnormality was associated with age, height, weight, duration of playing baseball, being a pitcher, catcher, past and present experience of elbow pain, loss of elbow extension, and the side-to-side internal rotation difference ( Table 1 ). In multivariable logistic regression analysis, elbow abnormality was associated with being a pitcher (relative to being an outfielder) (odds ratio [OR]=4.21, 95% confidence interval [CI]=1.31-13.5, p=0.016), past experience of elbow pain (OR=2.33, 95% CI=1.12-4.86, p=0.023), present experience of elbow pain (OR=4.67, 95% CI=1.20-13.5, p=0.026), loss of elbow extension (OR=0.90, 95% CI=0.85-0.96, p=0.0006), and the sideto-side internal rotation difference (OR=1.09, 95% CI=1.06-1.13, p<0.001) [ Table 2 ].
The 100 baseball players with elbow abnormality were stratified into symptomatic (n=57) or Table 3 Univariate analysis of baseball players with elbow abnormality being symptomatic or asymptomatic of elbow pain asymptomatic (n=43) of throwing-related elbow pain. In univariate analysis, those with elbow abnormality and elbow pain was associated with hours of training per weekday, days of training per week, and being a pitcher (Table 3 ). In multivariable logistic regression analysis, those with elbow abnormality and elbow pain was associated with being a pitcher (OR=9.85, 95% CI=1.90-51.0, p=0.0064).
discussion
Ultrasonography has been used to detect throwingrelated elbow injury. 2, 4, 12 Ultrasonography is effective in detecting osteochondritis dissecans of the capitellum and concurs with radiographic findings in 23 of 27 patients, with magnetic resonance imaging in 9 of 10 patients, and with surgical findings in 14 of 15 patients. 12 Ultrasonography is also effective in detecting medial epicondylar fragmentation. 4 In our 48 participants who were also examined with radiography, all had consistent findings.
Risk factors for elbow injury among young baseball players have been reported to be age >11 years and height >150 cm. 4 The incidence of elbow pain increases concomitantly with increased age, increased weight, and decreased height. 3 In our study, elbow abnormality was associated with being a pitcher, past and present experience of elbow pain, side-to-side internal rotation difference, and elbow extension loss. The latter condition is attributed to musculotendinous adaptation from high-load eccentric muscle contraction. 13 GIRD is a loss in glenohumeral internal rotation of the throwing shoulder. 6 Repetition of throwing causes significant adaptation in the glenohumeral joint. Causes of GIRD include posteroinferior capsular contracture, repetitive stretching of the anterior capsule, and adaptive change in humeral retroversion. 6, 14, 15 Shoulder injuries are associated with the loss of internal rotation and GIRD. 14, 16, 17 Most throwers exhibit a readily apparent motion whereby external rotation is excessive and internal rotation is limited at 90º abduction. 6 Nonetheless, GIRD appears to occur before development of increased external rotation of the shoulder in adults, and GIRD is not unusual among Little Leaguers. 18 The biomechanics of throwing and the role of the kinetic chain have been reported. 14, 16 The kinetic chain of the throwing motion creates motion that better aligns the bones and thus * Data are presented as mean±SD or no. of participants can optimise the efficiency of proximal segments, decrease force loads at smaller and distal segments, and decrease loads borne by supporting tendons and ligaments. 19 Compared with asymptomatic throwers, throwers with ulnar collateral ligament insufficiency are more likely to have GIRD (loss of internal rotation of the shoulder) [12.7º vs. 28.5º). 9 In our study, elbow abnormality was not associated with external and internal rotation of the shoulder but was associated with side-to-side internal rotation difference. From the kinetic chain perspective, loss of internal rotation of the shoulder can affect the elbow joint.
Most players with elbow abnormality experience elbow pain, 5 but some are asymptomatic. The use of ultrasonography can detect elbow abnormality in asymptomatic players and enable early treatment. It is important to prevent elbow abnormality by informing young baseball players, their coaches, and their parents about the risk factors. The position of pitcher is a risk factor for elbow abnormality and elbow pain. 5 In a study of 481 young pitchers followed up for 10 years, pitching >100 innings in a single year significantly increased the risk of elbow and shoulder injury. 20 Our study had several limitations. It was crosssectional, and might have been affected by recall bias. We were unable to confirm pitching innings by outfielders, infielders, catchers, or the types of pitches thrown by pitchers, or to record the annual number of games and pitches. Only 48 of the participants were examined by both ultrasonography and radiography. Elbow injuries can be caused by multiple factors such as muscle strength and flexibility of the upper and lower extremities and trunk, and range of motion of the lower extremities. These factors were not examined.
conclusion
Being a pitcher was a risk factor for both elbow abnormality and elbow pain. Nonetheless, 43% of baseball players with elbow abnormality were asymptomatic. The use of ultrasonography was effective in detecting elbow abnormality and enabling early treatment.
